Background/objectives The assessment of nutritional status and the quality of life in patients with gastric cancer has become one of the important goals of current clinical treatment. The purpose of this study was to assess the nutritional status in hospitalized gastric cancer patients by using patient-generated subjective global assessment (PG-SGA) and to analyze the influence of nutritional status on the patients' quality of life (QOL). Methods We reviewed the pathological diagnosis of gastric cancer for 2322 hospitalized patients using PG-SGA to assess their nutritional status and collected data on clinical symptoms, the anthropometric parameters (height, weight, body mass index (BMI), mid-arm circumference (MAC), triceps skin-fold thickness (TSF), and hand-grip strength (HGS). We also collected laboratory data (prealbumin, albumin, hemoglobin) within 48 h after the patient was admitted to the hospital. The 30-item European Organization for Research and Treatment of Cancer Core Quality of Life Questionnaire (EORTC QLQ-C30) was used for QOL assessment in all patients. Results By using PG-SGA, we found 80.4% of the patients were malnourished (score ≥ 4) and 45.1% of the patients required urgent nutritional support (score ≥ 9). In univariate analysis, old age (> 65 years, p < 0.001), female (p = 0.007), residence in a village (p = 0.004), a lower level of education (p < 0.001), and self-paying (p < 0.001) were indicated as risk factors of patients with gastric cancer to be suffering from severe malnutrition. There was a negative correlation between PG-SGA and various nutritional parameters (p < 0.05). The quality of life was significantly different in gastric cancer patients with different nutritional status (p < 0.01). Conclusion Malnutrition of hospitalized patients with gastric cancer in China is common and seriously affects the patients' quality of life. The nutritional status should be evaluated in a timely manner and reasonable nutritional intervention should be provided as soon as possible. The PG-SGA was fit for using as a clinical nutrition assessment method, being worthy of clinical application.
Introduction
At present, the incidence of cancer and the rate of mortality are still rising and are a major disease threat to human life and health. The incidence of and mortality from gastric cancer is second in morbidity and mortality behind only lung cancer in China [1] . Studies have reported that 50~90% of patients with malignant tumors have weight loss and suffer from malnutrition [2] . This is especially true in patients with head and neck cancer and malignant digestive tract tumors. The high incidence of malnutrition in gastric cancer patients is due to the tumor location [3, 4] . About 20% of patients die due to malnutrition and related complications, not from the malignant tumor itself [5] [6] [7] . The quality of life between the patients in good nutrition and in malnutrition is different, so the nutrition assessment of the patients should be paid more attention to, in order to improve the nutritional status and the quality of life of the patients. However, no nutritional assessment method is currently available that can be considered the gold standard nor is there a consensus on which assessment would be the best option, and there are few studies of nutritional assessment of patients with gastric cancer. The purpose of this study was to evaluate the nutritional status of hospitalized patients with gastric cancer and to analyze the influence of their nutritional status on their quality of life. The long-term goal is to provide an effective and appropriate nutrition assessment tool for guiding the clinical treatment of these patients.
Materials/subjects and methods

Materials
A multi-center, cross-sectional observational study was carried out. It was one part of the Investigation on Nutritional Status and its Clinical Outcomes of Common Cancers (INSCOC). The INSCOC is a nationwide cross-sectional survey on the correlation between nutritional status and clinical outcome in patients with malignant tumors. It was initiated and implemented by the Chinese Cancer Society Cancer nutrition and support Specialized Committee. A total of 2322 gastric cancer patients were included from January 2012 to August 2016 at several tertiary public hospitals in China. Inclusion criteria were as follows: (1) an age of 18 to 90 years, conscious, no communication disorders, and can cooperate with relevant inspection; (2) a histologic diagnosis of gastric cancer; (3) only patients in the hospital many times for the same case can take part in this survey; (4) there are complete medical history records and follow-up data; (5) the patient and family voluntarily participate in this study. Exclusion criteria were as follows: (1) AIDS patients or organ transplant patients; (2) patient in a critical condition and difficult to assess; (3) patients refuse or do not cooperate with a questionnaire. This study was approved by the Ethics Committee of each participating hospital and complied with the Declaration of Helsinki.
Assessment method
PG-SGA was developed by Ottery [8] . It includes patients' self-reported sections (body weight, eating conditions, symptoms, activities, and physical function) and a medical personnel assessment part (nutrition-related disease state, metabolic state, physical examination) in seven domains. The sum of scores obtained in each domain is divided into quantitative and qualitative evaluations. Quantitative evaluation results are scores of 0-3 (well-nourished/suspicious malnutrition), 4-8 (moderate malnutrition), and ≥ 9 (severe malnutrition). Patients scoring 4 to 8 points require nutritional intervention by a dietitian with a clinical symptom survey. Patients scoring ≥ 9 points are in great need of symptom management and nutrition intervention before anti-tumor treatment.
NRS2002 is a nutritional risk screening tool recommended by the European Society for Parenteral and Enteral Nutrition (ESPEN) [9] , based on 128 randomized controlled trials. It includes three parts [10] : a disease score (0-3), nutrition score (0-3), and age (70 years or older has a score of 1), the sum score of nutritional risks (score of 0 to 7). A score of ≥ 3 means there is a nutritional risk and the patient should start on a nutritional treatment plan. Scores of less than 3 can be regarded as no nutritional risk, but patients still need to be screened weekly during hospitalization.
The 30-item European Organization for Research and Treatment of Cancer Core Quality of Life Questionnaire (EORTCQLQ-C30) is a systematic evaluation approach for determining the quality of life of cancer patients. The Chinese version of EORTC QLQ-C30 V3.0 has been proven to be valid, reliable, and clinically relevant [11] . It includes 30 subjects divided into five categories defining functions (physical function, role function, emotional function, cognitive function, and social function), three categories qualifying symptoms (fatigue, nausea and vomiting, pain), six single measurement subjects (difficulty in breathing, insomnia, loss of appetite, constipation, diarrhea, economic difficulties), and one score for the overall quality of life. Scores for the functional or symptom categories and for the single measurement subjects are calculated by a linear transformation of raw scores into a 0 to 100 score. Scores of 100 represent the best outcomes on the QLQ-C30 functional categories and the worst outcomes on the QLQ-C30 symptom categories. Weight (W) was measured to the nearest 0.1 kg by an electronic scale and height (H) was measured using a portable vertical stadiometer [12] . Patients stood upright on the center of the scale with arms extended laterally, barefoot, and wearing light clothing. From the measurements of W and H, the body mass index (BMI) was calculated: BMI (kg/m 2 ) = weight (kg)/height (m) 2 . Midarm circumference (MAC) and triceps skin-fold thickness (TSF) were measured on the non-dominant arm according to Frisancho [13] . The hand-grip strength (HGS) method measurement can be referenced to Schlüssel [14] . All the measurements were performed in triplicate, where the final result was the average of the values.
Fasting blood samples for assessment of albumin, prealbumin, and hemoglobin were obtained within 48 h after the patients were admitted to the hospital. Laboratory data were measured by standard laboratory methods.
Methods
All the measurements were performed by trained researchers. An adopted unified design and unified questionnaires were administered within 48 h after admission by physicians and/ or specialist nutrition nurses who had received standardized training. The nutritional status was evaluated by PG-SGA, and the quality of life assessed by the EORTC QLQ-C30. Related data were collected, recorded, and checked. The database was then finally determined.
Statistical analysis
Statistical analysis was carried out using SPSS version 21 (SPSS Institute, Inc.). Descriptive statistics (means, standard deviations, and frequencies) were expressed. The degree of relationship among these factors and the PG-SGA scores was statistically evaluated using the t test, ANOVA test, and correlation analyses. Statistical significance was reported at the p < 0.05 level.
Results
A total of 2322 hospitalized patients with gastric cancer were analyzed through this study. There were 1628 males and 694 females, with a mean age of 62 years, ranging from 25 to 90 years old. According to the PG-SGA, 19.6% of patients were in good nutritional condition and did not need nutritional support (scores of 0-3) while over one-third (35.3%) were scored with mild/moderate malnutrition (scores of4-8) and needed to be given nutritional intervention. Nearly half of the patients (45.1%) were in a state of severe malnutrition (scores > 9) and urgently needed nutritional support.
In our research 1867 patients (PG-SGA scores of ≥ 4) required nutritional intervention, but we found only 880 cases (37.9%) that had accepted nutritional support a week before the survey. We found that 1103/1867 (59.1%) of patients needed nutritional intervention but went without nutritional support therapy and 116 well-nourished patients (25.5%) were given the nutritional support treatment (Table 1) .
Univariate analysis showed that gender, age, residential area, the proportion of reimbursement, and cultural knowledge were related to the different nutritional groups. Results are summarized in detail in Table 2 .
We use an ANOVA test to compare NRS2002, BMI, PA, ALB, HB, MAC, TSF, and HGS with the different PG-SGA qualitative evaluations. The differences between nutritional groups were statistically significant p < 0.05. As the nutritional status scores became worse, the NRS2002 score increased and the BMI, MAC, TSF, HGS, ALB, and HB scores showed a trend of a gradual decrease, as shown in Table 3 .
Further, using the Spearman rank correlation analysis, we found there was a negative correlation between the PG-SGA quantitative evaluation and BMI, MAC, TSF, HGS, ALB, HB, and KPS. The difference was statistically significant as shown in Table 4 .
Considering the relationship between nutritional status and the quality of life, the functional categories and the overall health status score mean were significantly lower while the symptom categories markedly increased in patients with higher PG-SGA scores, p < 0.001. As shown in Table 5 .
Discussion
Gastric cancer is one of the most common malignant tumors in China. Surgery and chemoradiotherapy are the main antitumor treatments. The presence of the tumor and its treatment might aggravate the patient's nutritional status. Studies have shown that malnutrition will reduce the quality of life [15] and encourage treatment resistance. It will also increase the risk of infection, the incidence of postoperative complications, and the mortality rate [16] . It is important to identify patients with malnutrition or who are at risk of developing malnutrition in a timely manner and to provide necessary nutritional support. It is beneficial to promote recovery and improve prognosis [17] . The PG-SGA was modified based on subjective global assessment (SGA) by Ottery. It was developed especially as a malignant tumor patients' nutritional screening tool. The American Dietetic Association recommended it as the nutrition evaluation standard for malignant tumor patients, but it has had few applications in China. The incidence of malnutrition varies among different kinds of malignant tumors; generally, patients with head and neck cancer or digestive tract malignant tumors are at a higher risk for malnutrition than patients with other types of tumors [18] . According to the results of our study, 80.4% of hospitalized gastric cancer patients were found to have PG-SGA scores of ≥ 4 and 45.1% of patients had severe malnutrition, PG-SGA ≥ 9. This is similar to the findings of Liyan Zhang [19] . In his report, the majority of hospital patients with advanced gastrointestinal cancer were malnourished and nearly half of the patients were severely malnourished and needed nutritional support before anti-tumor treatment. Their results support our claim that malnutrition is very common in gastric cancer patients. Patients with gastric cancer have difficulty eating and digesting. There can be inadequate intake of energy because of pyloric obstruction and tumor-associated factors cause a profound effect on fat metabolism and protein synthesis. In addition, adverse reactions to anticancer treatment, such as nausea, vomiting, fatigue, and pain, can also lead to the deterioration of the patient's nutritional status. For some postoperative gastric cancer patients, surgical complications or function reconstruction can also lead to malnutrition [20] [21] [22] . In addition, social and psychological factors may affect the nutritional status of patients.
According to the survey, nutrition support treatment for gastric cancer patients is not always possible [23, 24] . In our study, 59.1% of malnourished gastric cancer patients (1103/1867) did not receive any treatment and 25.5% of patients (116/455) with good nutrition were given nutritional support. This unreasonable situation is very common in some big hospitals in China [4, 25, 26] . It is urgent to revise, standardize, and popularize practical and feasible guidelines for nutritional support in the whole country.
Studies find that poor nutrition has a negative impact on cancer patients, such as weight loss that can lead to fatigue and the deterioration of anorexia, the patients' survival rate drops, anti-tumor tolerance is reduced, and complications and side effects increase. Therefore, the medical staff should pay more attention to and educate on the subject of malnutrition in gastric cancer patients. The staff needs to be timely to assess the nutritional status and provide reasonable nutritional intervention/therapy for malnourished patients to improve the patients' quality of life and clinical outcome. Univariate analysis showed gastric cancer malnutrition was related to the patients' gender and age. Females were more likely to present with severe malnutrition, and this is consistent with the results from Yangping [27]. The reason is likely related to the female patients' psychological factors such as anxiety, depression, fear, eating less, and a worse immune function. Liyan Zhang [19] also confirmed a worse nutritional status in elderly gastric cancer patients. A Korean study [28] suggests more postoperative malnutrition in elderly patients. That is to say that elderly patients have more basic diseases along with worse gastrointestinal consumption and absorption function, and malnutrition would be more likely in these gastric cancer patients. More attention should be paid to these patients. The nutritional state of patients who lived in rural areas had less education and was burdened with more hospitalization expenses which were also worse. So patient nutrition education is necessary, and the government should further improve the serious illness medical insurance policy, improve the reimbursement ratio, and encourage patients to participate in commercial medical insurance in order to improve security.
Currently, NRS2002 and PG-SGA are the most widely used for nutritional risk screening evaluations [29] , but they are still not the gold standard for the world. NRS2002 has its shortcomings, such as it is difficult to measure accurate weight when patients cannot get out of bed, or if they have edema or ascites, and its use will be limited. The nutritional assessment tool PG-SGA, with good sensitivity and specificity, is the most ideal and widely used nutritional assessment tool and has good consistency with other tools [30, 31] . It is recommended for a variety of malignant tumors in Europe and the USA, such as digestive tract tumor, head and neck cancer, and gynecologic tumors [32] [33] [34] .
In comparison with NRS2002, we determined BMI, ALB, Hb, MAC, TSF, and HGS and we found that PG-SGA had good consistency with these nutritional parameters, and among the different PG-SGA scores, the differences were statistically significant. When the nutritional status was worse, the NRS2002 score increased and the results from BMI, PA, ALB, Hb, MAC, TSF, and HGS showed a decreasing trend. The PG-SGA evaluation was in accord with another nutritional assessment and was suitable for patients with malignant tumors, and the assessment is worthy of clinical popularization and application. The QLQ-C30 was produced by The European Organization for Research and Treatment of Cancer (EORTC) and has been widely adopted in many countries to investigate the quality of life for cancer patients [35, 36] . QLQ-C30 is known to work in China [11, 37] . By the Kruskal-Wallis test, we found that as the PG-SGA score was increasing, values from the functional category and for the overall health status of patients with a lower mean field rank and the symptoms category rank mean increased. It turned out that as the functional abilities and the quality of life become worse, symptoms or problems, such as fatigue, nausea and vomiting, loss of appetite, and insomnia, become worse and add to the poor quality of life. It was also confirmed that the nutritional status was related to the patients' economic situation.
There are limitations to the research. The malnourished patients were without further nutritional intervention and we are hoping to clarify in future research whether an improvement in the nutritional status in gastric cancer patients will produce a better clinical outcome. In addition, the effect of nutritional status on the final clinical outcome after nutritional therapy was not followed up.
In a word, malnutrition is common in patients with gastric cancer and has a significant impact on the quality of life. We should pay full attention at the time of clinical diagnosis and treatment and screen for the presence of malnourished patients, provide timely and reasonable nutritional intervention to enhance their tolerance of anti-tumor therapy, and improve the patients' quality of life. Publisher's note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 
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